Carbonate and stearate intercalated layered double hydroxides were used as fillers to prepare polymer micro-and nano-composites respectively. The stearate modified starting material was a bilayer-intercalated clay. During melt compounding excess stearates were released and the clay reverted to a monolayer-intercalated form. The exuded stearate acted as a lubricant lowering the melt viscosity of poly(ethylene-co-vinyl acetate) and linear low density polyethylene matrices. Strong hydrogen bond interactions between the chains of poly(ethyleneco-vinyl alcohol) and the clay platelet surfaces overwhelmed the lubricant effect and caused an increase in the melt viscosity of this matrix. The notched Charpy impact strength of this composite was almost double that of the neat polymer. It appears that this can be attributed to the ability of the highly dispersed and randomly dispersed nano-sized clay platelets to promote extensive internal micro-cavitation during impact loading. This creation of a large internal surface area provided the requisite energy dissipation mechanism.
Introduction
It is well-established that dispersion of particles with high aspect ratios such as fibres and platelets in polymeric matrices improves mechanical stiffness as well as some other properties. However, good interfacial adhesion and a homogeneous dispersion are prerequisites [Pradhan et al. 2008] . Nanostructured clays are ideal for the preparation of polymer-clay nanocomposites that exhibit improved gas barrier properties, better mechanical properties 16 (CO 3 ).4H 2 O) [Reichle 1986 ]. They have a brucite-like structure of stacked sheets in which some trivalent cations isomorphously replaced some of the divalent ones. The net positive charge on the sheets is counterbalanced by exchangeable anions located in the interlayer. Exchanging the anions within the interlayer with others modifies the interlayer properties. For example, the surface energy is lowered and changes from hydrophilic to hydrophobic when fatty acids are intercalated [Nhlapo et al. 2008 ]. The basal spacing may increase to accommodate polymer chains during intercalation and exfoliation. LDHs are synthetic clays and hence their purity can be controlled in contrast to their natural cationic counterparts. A wide composition range is accessible by using different metal ion pair species and varying their mole ratio. This means that LDHs can be tailored to fit the required functionality.
IUPAC defines a composite as 'a multicomponent material comprising multiple different (non-gaseous) phase domains in which at least one is a continuous phase' [Work et al. 2004 ]. Polymer-clay composites can be prepared in three different ways, namely in-situ polymerisation [Huang et al. 2011 and linear low density polyethylene (LLDPE).
Experimental

Materials
The layered double hydroxide (LDH-CO 3 ) Hydrotalcite HT-5 was supplied by Nkomazi 
Methods
Preparation of LDH-stearate (LDH-St)
The stearate intercalated layered double hydroxide (LDH-St) was prepared according to the method of Nhlapo et al. [Nhlapo et al., 2008] . A typical intercalation procedure was carried out as follows. A quantity of 20 g LDH-CO 3 was used in each intercalation reaction. 40 g of surfactant (Tween 60) was dispersed in 1.5 L of distilled water preheated to 80°C. Excess stearic acid (0.384 mol) was added in a three parts over a period of three days. The mixture was kept at 80°C for 8 h and allowed to cool to room temperature overnight. The process was repeated over four days with continuous stirring. On the fourth the day no acid was added. The pH of the mixture was maintained at 9.5 ± 0.5 by adding ammonia solution, with each correction carried out once each day. The reaction mixture was allowed to cool. The solids were separated by centrifugation, washed once with water and three times with ethanol and once with acetone. The LDH-St solids were dried at room temperature.
Preparation of composites
The polymer composite containing 10 wt% of either the pristine or the modified LDH were prepared by melt compounding. A TX28P 28 mm co-rotating twin screw extruder with a screw diameter of 28 mm and an L/D ratio of 18 was used. The screw design comprised intermeshing kneader elements with a forward transport action. The screw speed was 170 rpm and the temperatures increased from 100°C at the feed point to 220 °C at the die. The extruded strands were cooled by passing through a water bath, granulated and dried overnight at 60 °C. Type IV ASTM dumbbells were injection moulded using an Engel 3040 injection-moulding machine with a clamping force 350 kN. The temperature profiles from hopper to nozzle were 200/210/220/220°C for the LLDPE and EVAL composites and 140/150/160/170°C for the EVA composites respectively.
Characterisation
Powder samples were viewed on a JEOL 840 JSM SEM scanning electron microscope.
They were prepared as follows; a small quantity of the LDH-St and the LDH-CO 3 precursor was placed onto carbon tape on an aluminium sample holder. Excess powder was removed using a single compressed air blast. Composite samples were cryogenically fractured in liquid nitrogen. They were coated three times with gold under argon gas using the SEM autocoating unit E5200 (Polaron equipment LTD). Imaging of freeze-fractured surfaces was carried out in a JEOL 5400 SEM. The side-view of impact test specimen was imaged on a Zeiss Stereo, Discovery V20 optical microscope.
The clay dispersion within the polymer was studied using a JEOL 2100F transmission Phase identification was carried out using X-ray diffraction (XRD) analysis on a PANalytical X-pert Pro powder diffractometer. The instrument featured variable divergence and receiving slits, with an X'celerator detector using Fe filtered CoKa radiation (0.17901 nm).
The X'Pert High Score Plus software was used for data manipulation.
Tensile testing was carried out on a Lloyds Instruments LRX Plus machine according to ASTM D 638 using Type IV dumbbells. Five specimens were tested for each compound.
Charpy impact testing was carried out on a Zwick Impact Tester using the 0.5 J hammer.
Tensile impact tests were carried out according to ASTM D1822-06 on Type S and L test specimens.
Results and Discussion
The principal factor distinguishing the two fillers, considered presently, is the nature of their planar outside surfaces. The LDH-CO 3 features sheets with exposed hydroxyl groups. Strong hydrogen bonding with the alcohol groups present in the EVAL should be possible. However, these highly polar surfaces would be incompatible with the nonpolar LLDPE matrix. In the case of the LDH-St, the particles are at least partially covered by stearate anions ]. This surface modification with aliphatic chains should provide for SEM micrographs of the fillers and TEM images of composites are shown in Fig. 2 and Fig. 3 respectively. The pristine LDH-CO 3 powder consisted of small agglomerated platelets, with a sand rose morphology. The stearate modified LDH featured much larger platelets ranging into the 10 mm size. They were also less agglomerated than the LDH-CO 3 particles.
The LDH-CO 3 composites featured distinct as well as agglomerated particles in the submicrometer range (Fig. 3) . In the LDH-St composites the coarser particles appeared as much smaller planar tactoids with a length up to about 500 nm but with a thickness less than 100 nm (Fig. 3) . This considerable reduction in dimensions has two possible explanations. It could be that partial delamination occurred during the high-shear compounding process. LDH platelets are weaker and less rigid than smectite clays and hence more prone to fracture under the high shear action [Solin et al., 1995] . The EVA and LLDPE matrices of the LDH-St composites appeared to contain very few tactoids. In conclusion, the TEM results showed that microcomposites and nanocomposites were obtained using LDH-CO 3 and LDH-St as fillers in the polymer matrices considered. Fig. 4 to Fig. 6 shows SEM images that give a view of the general morphology and texture of freeze-fractured surfaces. Poor interfacial adhesion is evident in both the LLDPE composites (Fig. 4) . This is also the case for the EVA/LDH-CO 3 composite. In all the other samples there was good adhesion between the matrix and the filler as shown by the absence of cavities previously occupied by particles. Some spherical cavities are seen in all the EVAL samples including the neat polymer. However, they are attributed to volatilization of residual water during the moulding process.
Thermal decomposition of layered double hydroxides normally followed three distinct decomposition steps (Fig. 12) expected that the interaction with the EVAL chains would be less than the interaction with the uncoated surfaces of the LDH-CO 3 particles. However, the melt viscosity of the LDH-CO 3 composite was lower despite its higher surface polarity. Furthermore, according to the TG results, the inorganic content of the LDH-St is only 20 wt%. In aggregate, these observations suggest that the interfacial area available for interaction with the polymer chains must have been much higher for LDH-St.
Differential scanning calorimetry (DSC) was employed to study the thermal transitions in the composites (see Fig 13. and Table 2 ). The data presented pertains to results obtained from first cooling and the second heating run. Both fillers acted as nucleating agents for LLDPE and EVA as the crystallization onset temperature increased (Fig. 13) . The degree of crystallinity in the EVA even improved as shown by the increase in the enthalpy of crystallization [Ramaraj and Yoon 2008] . The same fillers retarded the crystallization of the EVAL (Fig. 13 ). This is attributed to a strong interaction of the EVAL polymer chains with the well-dispersed clay platelets and the higher melt viscosity that suppressed the diffusion processes required for the chains to orient and pack into crystallites. The glass transition temperature (T g ) of the EVA composites was the same as that of the neat polymer. However, the T g of the EVAL composites shifted to higher temperatures. There are two possible explanations for this observation when the LDH-St composite is considered.
The exuded stearic might have had an anti-plasticization effect or the mobility of the EVAL polymer chains might have been be affected by strong interactions with the surface of the filler particles. Clearly only the latter explanation can hold for the LDH-CO 3 composite as no stearic acid is present. Based on the viscosity behaviour of the EVAL/LDH-St composite, it can be concluded that this explanation also holds for this system.
Mechanical properties are reported in Table 1 . All the filled samples, except the EVAL/LDHSt composite featured higher tensile moduli than the neat polymers. Both LDHs fillers had a reinforcing effect on EVA and LLDPE as both the yield strength and the modulus increased. Better elongations were obtained in the EVA composites but a decrease was observed for the EVAL and LLDPE composites.
Polymer toughness is governed by parameters such as the degree of particle dispersion within the polymer matrix, filler mobility, delamination and intrinsic changes to polymer properties promoted by the filler [Chen 2008 ]. Tensile impact properties of the filled EVA composites were better that those of the neat polymer. However, the opposite was true for the other polymer matrices. With the exception of the EVAL/LDH-St composite, all composite samples had worse notched Charpy impact properties than the parent polymers. Development of strong energy dissipation mechanisms are a prerequisite for good impact properties. The poor interface adhesion between both fillers and the polyethylene matrix is evident in Fig. 4 .
This means that the incorporation of the fillers led to the creation of internal flaws. These acted as stress concentrators that lead to premature mechanical failure. The LLDPE/LDH-St composite had slightly better impact strength properties than the LLDPE/LDH-CO 3 . This can be attributed to the slightly better compatibility with the polymer matrix contributed by the fatty acid coating on the filler particles (Fig. 4c) . However, it is clear from the XRD diffractogram ( Fig. 1 ) that the presence of this filler also affected the morphology of the parent polymer. This is confirmed by the broadening and shift in the position of main reflection attributable to the polymer matrix. This change in the morphology of the polymer matrix could also have affected the impact properties.
The EVA composites did not fracture in the notched Charpy tests because of the rubbery nature of matrix. The tests were basically carried out at room temperature well above the T g of the polymer matrix. In the tensile impact tests the LDH-CO 3 filler gave better results than the LDH-St. See Table 1 . Considering Fig. 5 , this can be attributed to better interfacial adhesion between the polar filler and the polar EVA matrix. Strong interactions with the filler are equivalent to temporary crosslinks that dissipate energy when ruptured. Gersappe [Gersappe 2002 ] proposed a theory explanation that may explain the improved tensile impact observed in the EVA/LDH-St composite, relative to the neat polymer, despite minimal interaction between the polymer and filler. Since the clay particles are relatively free to move and rotate inside the cavities, they can align themselves in the direction of the applied stress.
During the matrix deformation process the filler is squeezed tight by the cavity walls as it elongates and narrows. The resulting friction forces generate a region of enhanced strength that retards the growth of the cavity and thus delays polymer failure.
Unexpectedly, the notched Charpy impact strength of EVAL increased from 4.9 kJ m -2 to 7.9 kJ m -2 when 10 wt% LDH-St was added (Table 1) . Top-view SEM imaging of the fracture surfaces were inconclusive. They did not reveal a mechanism that could explain the improved impact behaviour. 
